Fusulinids from the Hess Member of the Leonard Formation, Leonard Series (Permian), Glass Mountains, Texas by Ross, Charles A.
Western Washington University
Western CEDAR
Geology Faculty Publications Geology
10-1960
Fusulinids from the Hess Member of the Leonard
Formation, Leonard Series (Permian), Glass
Mountains, Texas
Charles A. Ross
Western Washington University, charles.ross@wwu.edu
Follow this and additional works at: https://cedar.wwu.edu/geology_facpubs
Part of the Geology Commons, and the Paleontology Commons
This Article is brought to you for free and open access by the Geology at Western CEDAR. It has been accepted for inclusion in Geology Faculty
Publications by an authorized administrator of Western CEDAR. For more information, please contact westerncedar@wwu.edu.
Recommended Citation
Ross, Charles A., "Fusulinids from the Hess Member of the Leonard Formation, Leonard Series (Permian), Glass Mountains, Texas"
(1960). Geology Faculty Publications. 57.
https://cedar.wwu.edu/geology_facpubs/57
CoNTRiB. Cushman Found. Foram. Research, Vol. 11 Plate 17
Ross: Permian fusulinids from Texas
CONTRIBUTIONS FROM THE CUSHMAN FOUNDATION FOR FORAMINIFBRAL RESEARCH 117
CONTRIBUTIONS FROM THE CUSHMAN FOUNDATION 
FOR FORAMINIFERAL RESEARCH 
Volume XI, Part 4, October, 1960
215. FUSULINIDS FROM THE HESS MEMBER 
OF THE LEONARD FORMATION, LEONARD SERIES (PERMIAN), 
GLASS MOUNTAINS, TEXAS
Charles A. Ross 
Peabody Museum, Yale University
ABSTRACT
Five fusullnid zones are recognizable in the Hess mem­
ber of the Leonard formation in the eastern Glass Moun> 
tains. These zones are useful for correlation and contain 
two species of Schwagerina, previously described, and five 
species of Parafusulina which are new. The assemblage 
of Schwagerina crassitectoria Dunbar and Skinner and S. 
gaembeli Dunbar and Skinner forms the lowest zone, 
Parafusulina allisonensis n. sp. forms the second zone, 
P. deitoides n. sp. and Parafusulina sp. A form the third 
zone. P. spissisepta n. sp. forms the fourth zone which In­
cludes the upper Hess fossil bed of P. B. King (1931), and 
the assemblage of P. brooksensis n. sp. and P. vidriensis 
n. sp. forms the fifth and highest zone of the Hess mem­
ber. The distribution of these species of fusulinids In 
these zones is closely related to the types of limestones.
A possible species of Soverbeekina found near the base 
of the Hess member in the double ledge may be one of 
the earliest occurrences of a member of an Asian fusulinid 
fauna to be reported from the standard Permian section.
INTRODUCTION
The Wolfcamp and Leonard Series, the lower two 
standard series of the Permian for North America, are 
well exposed in the Glass Mountains of western Texas. 
The Wolfcamp Series has been the subject of several 
papers, field trips, and stratigraphic discussions, hut 
the overlying Leonard Series has escaped the close 
attention that it rightly deserves and is known from 
a few reports which bring forth only the major rela­
tions of this important series.
The Leonard Series in its type area in the Glass 
Mountains is a complex sequence, about 2000 feet 
thick, formed of several intertonguing lithologies and 
its faunas for the most part remain undescribed. The 
Marathon orogenic belt immediately south of the Glass
Mountains was only mildly active during Leonard 
time as the major episodes of thrusting, intensive 
folding, and the associated deposition of thick con­
glomeratic deltas such as those in the Wolfcamp Series 
had already ended. The shallow water Leonard de­
posits of the Glass Mountains change facies as they 
thicken northward into the Val Verde geosyncline and 
the Delaware basin.
The Leonard faunas in the eastern facies, or Hess 
member, are more poorly documented than those in 
the western, or siliceous shale facies, where, however, 
only the fauna from a few beds has been studied in 
detail. This paper is concerned with the fusulinid 
zones of the Hess member in the eastern Glass Moun­
tains and the description and lithologic association of 
the fusulinid species in these faunal zones.
In the four measured sections of the Hess member 
(text figs. 1 and 2), there is a marked change in the 
total amount of limestone and the impurities in the 
limestone beds from east to west. Section 1 at the 
Allison Ranch is dominantly shale and sandstone and 
to the west in sections 2 and 3 the shale beds thin and 
pass into silty and clayey limestone. Section 4, about 
4 miles to the west of section 3, has little shale or 
siltstone in its lower part and here the limestone beds 
contain little clay or silt. The Glass Mountains es­
carpment increases in height westward as progres­
sively higher limestone beds form the crest. This in­
crease in resistance to erosion toward the west is 
largely the result of thinning or disappearance of shale 
in the lower part of the sequence.
The Leonard formation, named by Udden, Baker,
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TEXT FIGURE 1. Index map of the Glass Mountains, Texas: Section 1, east of the 
Allison Ranch house; Section 2, north of the Brooks Ranch house; Section 3, about 
3 miles southwest of the Brooks Ranch house (remeasurement of P. B. King’s section 
26, 1931); and Section 4, 3 miles east of the Hess Ranch house. Symbol A locates 
the Hess Ranch horst.
and Bose (1916, p. SI), originally included about 1800 
feet of beds in its type section on and to the north of 
Leonard Mountain. Udden, Baker, and Bose also in­
cluded in the Leonard formation the beds exposed in 
the eastern Glass Mountains escarpment. The follow­
ing year, Udden (1917, p. 43-46) separated the beds 
forming the eastern escarpment of the Glass Moun­
tains into the Hess formation and considered them 
unconformably overlain by strata of the type Leonard 
formation. According to Udden (1917, p. 43), the 
Hess formation unconformably overlay older beds 
below, and behind the Wolf Camp Hills it began with 
a basal conglomerate (40 feet) succeeded by shale 
and thin limestone beds (2(X) feet) above which were 
about 1900 feet of thin limestone beds forming the 
main escarpment. He (Udden, 1917, p. 45) expressed 
doubt as to’ the extent of the Hess formation west of 
Leonard Mountain although he showed a considerable 
outcrop belt on his geologic map. Bose (1919, p. 16, 
17) traced the conglomerate at the base of the Hess 
formation as defined by Udden (1917) and carried the 
Hess formation across the base of the western escarp­
ment of the Glass Mountains. He showed that an im­
portant angular unconformity existed at the base of 
the Hess formation and that this unconformity did 
not lie at the base of the Permian sequence, but rather 
within the lower part of the Permian.
King and King (1928, p. 126, 127) and P. B. King
(1931, p. 57) showed that the lower part of Udden’s 
(1917) type Leonard formation on Leonard Mountain 
was in part equivalent to the Hess formation in the 
eastern Glass Mountains escarpment and redefined 
the Leonard formation to exclude beds they considered 
to belong to the Hess formation. They essentially re­
stricted the siliceous shale beds in the western Glass 
Mountains to the Leonard formation and the lime­
stone sequence in the eastern Glass Mountains to the 
Hess formation. In addition, they (King and King, 
1928, p. 126) found faunal evidence that supported 
placing the lower part of the Hess formation, discussed 
by Bose in the western Glass Mountain, in the Wolf- 
camp formation. P. B. King (1931, p. 56) and R. E. 
King (1931) also considered much of the strata in 
the Hess Ranch horst as Wolfcamp equivalents al­
though Udden and Bose had regarded these strata as 
part of the Hess formation.
In all of these studies, the lateral change of facies 
in the Hess and Leonard formations had been men­
tioned although not studied in detail. The sequence on 
Leonard Mountain, which is complicated by slumped 
tierra blocks, igneous intrusives, and dolomitization of 
limestone beds, and the sequence in the high escarp­
ment about two miles northeast of the Hess Ranch 
House were studied in more detail by P. B. King 
(1932). He found (1932, p. 338-341) that the Permian 
strata abruptly changed from shale and thin limestone
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mation in the eastern Glass Mountains. Sample numbers indicate section and 
bed numbers, letters indicate position within a bed.
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beds at the western end of Leonard Mountain into 
reefy lenticular limestone on the eastern side of the 
mountain and that slightly higher in the section east 
of the Hess Ranch house similar reefy limestone beds 
lensed eastward into fine grained, thin bedded lime­
stone of the Hess formation. As a result of these ob­
servations, King (1932, p. 353, 354) concluded that 
the Leonard and Hess formations were for the most 
part lateral equivalents. In J934, P. B. King (p. 730) 
proposed to call the entire sequence above the Wolf- 
camp formation and below the Word formation the 
Leonard formation and to restrict the name Hess to 
the thin bedded limestones in the eastern Glass Moun­
tains which he gave member rank.
Again, in 1937 (p. 98) and 1942 (p. 650), P. B.
King discussed the stratigraphy of the Leonard forma­
tion in the Glass Mountains and showed that a nar­
row band of reefy limestone lay between the siliceous 
shale beds in the west and the thin bedded limestones 
of the Hess member in the east (King, 1937, p. 98). 
This reef lithology is commonly referred to as the 
sponge reef horizon. The top of the Hess member was 
more clearly defined by P. B. King (1942, p. 652, 653) 
as the beds beneath a persistent chert pebble con­
glomerate high in the formation in the eastern Glass 
Mountains which to King suggested an unconformity.
Ross (1959, p. 299-301) redefined and divided the 
Wolfcamp Series into two formations, the Neal Ranch 
and Lenox Hills formations, which have distinct fusu- 
linid faunas and which are separated by a regional un­
conformity, the same unconformity thatUdden (1917) 
found at the base of the Hess formation in the eastern 
Glass Mountains and which Bose (1919) had traced 
across the base of the western Glass Mountains escarp­
ment. Thus the base of the Hess member was raised 
above the position indicated in previous publications.
STRATIGRAPHY
The lower formation of the Wolfcamp Series (Ross, 
1959), the Neal Ranch formation, has its type locality 
in the Wolf Camp Hills one-quarter of one mile west 
of Hill 5060 and is the upper shale and limestone 
sequence of Udden’s original Wolfcamp formation 
(1917). The upper formation, the Lenox Hills forma­
tion, lies above the regional unconformity and has its 
type section in the Lenox Hills, one-quarter of one 
mile north of the Slick-Urschel no. 1 Mary Decie well 
site 7 miles, north 70 degrees west, of Marathon, 
Texas. This formation includes the beds called the 
Wolfcamp formation by P. B. King and R. E. King 
(1928, 1931) throughout the western Glass Moun­
tains and can be traced into the lower 250 to 300 feet 
of the original Leonard formation (Udden, et al., 
1916) in the eastern Glass Mountains. Thus Ross 
(1959, p. 299-301) raised the base of the Leonard for­
mation in the eastern part of the Glass Mountains to 
exclude strata equivalent to the Lenox Hills forma­
tion, that is, the upper part of the Wolfcamp Series.
The base of the Hess member of the Leonard forma­
tion rests with erosional unconformity on the Lenox 
Hills formation throughout most of the eastern Glass 
Mountains. The upper part of the Lenox Hills forma­
tion in the eastern Glass Mountains is mainly shale 
with some interbedded limestone which increases in 
amount to the west. Shale from the top of this under­
lying formation was eroded and redeposited during 
initial deposition of the Hess member. The lower five 
to twenty feet of the Hess member are composed of 
shale and thin limestone beds which resemble the 
underlying shales of the Lenox Hills formation, al­
though separated by an erosional unconformity which 
can be seen in one or two road cuts where this shale 
sequence is well exposed.
The thin bedded limestones in tbe lower 200 feet of 
the Hess member in the eastern Glass Mountains are 
silty biomicrosparites (terminology of Folk, 1959) and 
biomicrites although a few of the more fossiliferous 
beds in section 4 are biosparite tonguing into the se­
quence from the west. Above these beds are 400 feet 
of limestone which is alternately biosparite, generally 
having abundant algal fragments and smaller Forami- 
nifera, and biomicrosparite. In beds that P. B. King 
(1931) referred to as the upper Hess fossil horizon (or 
Perrimtes compressus horizon) and in the succeeding 
200 feet of limestone, the limestone is biosparite hav­
ing many fossils cemented by a mozaic of coarse sparry 
calcite. Algae are particularly abundant and smaller 
Foraminifera of many kinds are common. The suc­
ceeding 400 feet, to the base of the typical Leonard or 
siliceous shale facies, is mostly limestone which is 
recrystallized biosparite or biomicrosparite.
In the eastern part of the Glass Mountains, tongues 
of shale, siltstone, and sandstone increase in thickness 
and become more common. Many of these clastic 
tongues have cyclic repetitions of beds and the highest 
and also the thickest, 200 feet, of these tongues lies 
beneath the Hess fossil bed and has shale, siltstone, 
and thin silty limestone beds repeated in 5 or 6 cycles.
Two key beds have proven to be traceable for con­
siderable distances across the eastern Glass Moun­
tains. The lower key bed is the double ledge of P. B. 
King (1931) which can be traced almost continuously 
from section 4, bed 18, eastward to section 2, bed 7, 
and is probably the same as section 1, bed 55. It has 
a characteristic microfauna of a large staffelloid, the 
alga Mhza, and an abundance of smaller Foraminifera. 
The upper key bed is the conglomerate at the base of 
the upper Hess fossil horizon which can be traced 
from section 4, bed 27, into section 2, bed 13, and is 
probably equivalent to the algal limestone near the 
top of section 1.
Chert pebbles are common in the upper several hun­
dred feet of the Hess member and generally are scat­
tered throughout the limestone. The top of the Hess
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member is drawn at the base of the first chert pebble 
conglomerate bed. The chert pebble conglomerate 
beds used to define the top of the Hess member ap­
parently represent local concentration of pebbles and 
are not at the same stratigraphic position in each of 
the measured sections.
FUSULINID FAUNA
In many beds of the Hess member, fossils are abun­
dant but are codimonly of only a few kinds. The dis­
tinctive Hess fossil bed contains the most varied fauna 
in the Hess member. P. B. King (1931) termed this 
marker bed the PerriniUs compresses horizon. How­
ever, Miller and Furnish (1940, p. 148) studied the 
cephalopods from this horizon and found that the only 
species of Perrinites present was P. hilli (Smith). The 
brachiopods from this horizon were described by R. E. 
King (1931). From a few localities in the lower part 
of the Hess member, gastropods (Yochelson, 1956 and 
Batten, 1958), ostracods (Kellett, 1943), and fusulin- 
ids (Dunbar and Skinner, 1937) have been studied.
Of the fusulinids from the Hess member, only 
Schwagerina guembeli Dunbar and Skinner, S. guem- 
beli var. pseudoregularis Dunbar and Skinner, S. cras- 
sitectoria Dunbar and Skinner, Staffella lacunosa Dun­
bar and Skinner, and Schubertella melonica Dunbar 
and Skinner have previously been described by Dun­
bar and Skinner (1937) based on collections from 7 
localities. Of these species, Staffella lacunosa and 
Schubertella melonica have long stratigraphic ranges 
and apparently are common throughout the Hess 
member. However, they are restricted to certain 
lithologies and this suggests a close facies control of 
their distribution.
In the eastern Glass Mountains, five fusulinid zones 
are well represented in the Hess member of the Leon­
ard formation (text fig. 2). The lowest zone, about 
200 feet thick, contains the association of Schwager­
ina crassitectoria and S. guembeli. This is followed by 
a zone about 400 feet thick having Parafusulina al- 
lisonensis n. sp. The third zone contains P. deltoides 
n. sp. which extends through about 300 feet of strata 
to the base of the Hess fossil bed. The fourth zone 
includes the Hess fossil bed and about 200 feet of 
beds above, including the “sponge reef” limestone, and 
is characterized by P. spissisepta n. sp. The fifth 
and highest zone contains P. brooksensis n. sp. and 
P. vidriensis n. sp. and is about 400 feet thick. The 
highest part of the Hess member, 250 feet thick in 
section 2, has beds of recrystallized limestone in 
which fossils are rare or present only in relict outlines.
Two interesting features emerge from a study of 
the fusulinid faunas and the rock types in which they 
occur. A comparison of lithologies and fusulinid spe­
cies suggests a close control by facies of the distribu­
tion of species. Similar facies reappearing at different 
levels in the sequence contain different species and
this suggests that the ranges of the species in a par­
ticular facies are fairly accurate guides to their total 
biochron.
Schwagerina guembeli and S', crassitectoria from the 
lower 210 feet of the Leonard formation form a per­
sistent zone across the eastern escarpment of the Glass 
Mountains (text fig. 2). In the lowermost beds, S. 
guembeli and S. crassitectoria are closely similar mor­
phologically and usually occur in the same bed. How­
ever, higher in their stratigraphic ranges they become 
markedly distinct, S. guembeli becoming very large 
and rotund and S. crassitectoria becoming more elon­
gate and having simpler axial deposits, and generally 
these two species are no longer associated in the same 
beds. S. guembeli in the upper part of its range is 
most common in biosparite and biomicrosparite and S. 
crassitectoria in the upper part of its range is most 
common in biomicrosparite. This suggests that these 
two closely related species gradually evolved so that 
in their later stratigraphic range they became adapted 
to slightly different environments and this was accom­
panied by morphological changes. Similar lines of 
divergence are known when the geographic ranges of 
closely related Recent species having overlapping eco­
logical tolerances are brought together. The slight 
change in morphology of S. crassitectoria suggests that 
it retained essentially the same ecological tolerances, 
whereas the significant morphological changes in S. 
guembeli suggest its ecological tolerances shifted with 
time. In the eastern Glass Mountains, S. guembeli 
has a slightly higher stratigraphic range which in sec­
tion 4 overlaps with the lower part of the range of 
Parafusulina allisonensis n. sp.
Parafusulina allisonensis n. sp. is the common spe­
cies in the biosparite and biomicrosparite beds for 
about 400 feet above the zone of Schwagerina guem­
beli. These limestones differ slightly from those in the 
lower part of the sequence in having little silt and 
clay and in having abundant algal fragments and 
smaller Foraminifera in most beds. The species 
changes only slightly through this sequence although 
axial deposits are more common and heavier in speci­
mens from the dominantly limestone sequence in the 
west (sections 3 and 4) than in specimens in the east­
ern sections (section 1 and 2). In general the amount 
of axial deposits in this species decreases in specimens 
from successively higher beds. This perhaps reflects 
an evolutionary trend, but such a trend could easily 
be a result of environmental factors.
In the succeeding 300 to 400 feet, that is, as high 
as the conglomerate at the base of the Hess fossil bed, 
the limestone beds contain Parafusulina deltoides n. sp. 
and Parafusulina sp. A. These limestone beds inter­
tongue with cyclothems of shale, siltstone, and sand­
stone, and apparently represent a third environment 
of deposition in the lower part of the Hess member. 
The limestone beds are clayey biomicrite similar to
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those having S. crassilectoria in the lowest part of the 
sequence. Fusulinids are rare in most of these higher 
limestone beds and the environment must have been 
unfavorable to them.
In the Hess fossil bed and in the overlying 200 feet 
of strata, the lithology and faunas change abruptly 
from those in the beds below. This upper part of the 
Hess member is characterized by Parajusulina spissi- 
sepla n. sp. which is abundant in the biosparite. These 
limestone beds are greatly recrystallized and they are 
suggestive of a fossil hash which was later well ce­
mented by sparry calcite.
Smaller Foraminifera, and fragments of bryozoans 
and brachiopods form the major part of the rock and 
all are rounded and surrounded by algal rims suggest­
ing strong current action and shallow water during 
their deposition.
The highest fusulinid zone extends for about 400 
feet above the Parajusulina spissisepta zone. Here P. 
brooksensis n. sp. and P. vidriensis n. sp. occur scattered 
throughout several beds. The limestone beds contain­
ing these two species are biosparites and fossiliferous 
oosparites and were probably originally deposited as 
sand size calcite fragments in shallow water. Schu- 
bertella and Stafella are common and algal fragments 
and smaller Foraminifera are abundant in these lime­
stones. The range of the two species of Parajusulina 
is considerably higher in section 2 and seems to be 
above the lithologic base of the siliceous shale facies 
in section 3 (text fig. 2).
CORRELATIONS
The fusulinid faunas from the Hess member of the 
eastern Glass Mountains are a very different faunal 
association from any described fusulinid faunas from 
western North America. Leonardian fusulinids are 
probably the least well known of the Permian fusu­
linid faunas not only in the standard section but also 
in the rest of the western hemisphere. The species of 
Schwagerina and the primitive species of Parajusulina 
described by Dunbar and Skinner (1937) from the 
Bone Spring limestone in the Sierra Diablo, west 
Texas, are closely similar in stage of evolution but 
they are not the same species as these from the eastern 
Glass Mountains. The limestone beds in the Bone 
Spring limestone and in the Hess member are litho­
logically different and as the species in the Hess mem­
ber seem to show considerable environmental prefer­
ence, the Bone Spring fusulinids probably represent 
another facies fauna of approximately equivalent age.
From the Arcturus formation of eastern Nevada, 
Knight (1956) described several species which in gen­
eral features are similar to those in the Hess member 
in the eastern Glass Mountains. The species described 
by Knight (1956) are of about the same evolutionary 
stage, that is, they are primitive species of Parajusu­
lina having low cuniculi and subpointed poles and
their association with Schwagerina suggests a middle 
Leonard age.
Several papers have described primitive species of 
Parajusulina from Mexico. Of these papers, Dunbar 
(1939a) described Parajusulina skinneri Dunbar from 
the Paleozoic beds near El Tigre, Sonora, and this spe­
cies shows similarities with P. allisonensis n. sp. in 
general stage of evolution. Parajusulina guatemalaen- 
sis Dunbar (1939b) from the “Karbonkalk” of Guate­
mala is similar to P. brooksensis n. sp. in many fea­
tures and the two species appear to be of closely 
similar age.
The fusulinids described by Thompson and Miller 
(1944) from Chiapas, Mexico, have several closely 
related, if not identical, species to those in the Hess 
member of the eastern Glass Mountains. In the Paseo 
Hondo formation, the primitive Parajusulina australis 
Thompson and Miller is closely similar to Schwagerina 
crassilectoria Dunbar and Skinner and Schwagerina 
sp. A Thompson and Miller is perhaps the same as 
Parajusulina allisonensis n. sp. In the eastern Glass 
Mountains, the double ledge (of King, 1931) and 
equivalent strata to the east (collections 3-(11), 2-6, 
1-55) contain a large nearly spherical staffelloid that 
dominates the fauna. This species is about 3 mm. in 
diameter and compares closely with a species described 
by Thompson and Miller (1944, p. 492) as Eover- 
beekina americana Thompson and Miller from massive 
limestone beds in the Paseo Hondo formation. If this 
is a species of Eoverbeekina, its occurrence in the 
double ledge in the Glass Mountains places the genus 
Eoverbeekina low in the Leonard Series and represents 
the lowest known occurrence of the typical Asian fusu­
linid faunas in the standard section. Yabeina texana 
Skinner and Wilde (1955), Codonojusiella (Dunbar 
and Skinner, 1937), and Rauserella (Dunbar, 1944) 
are reported from high in the Guadalupe Series and 
represent another occurrence of the Asian fusulinid 
faunas in the North America standard section.
The faunal similarity of the Paseo Hondo fusulinid 
fauna and the Hess member fauna supports the corre­
lation that the Paseo Hondo formation is of Leonard 
age as suggested by Thompson and Miller (1944, p. 
486). In addition, Paraschwagerina roveloi Thompson 
and Miller and Schwagerina sp. B Thompson and 
Miller from the underlying La Vainilla limestone are 
closely similar to Paraschwagerina plena Ross and 
Schwagerina nelsoni Dunbar and Skinner from the 
Lenox Hills formation which underlies the Hess mem­
ber in the eastern Glass Mountains.
Outside of the Western Hemisphere, species of 
Parajusulina very similar in size and evolutionary de­
velopment to the primitive species of Parajusulina in 
the Hess member are locally well known and appear 
to mark a faunal zone of approximately the same age 
throughout most of the early Artinskian strata of the 
Eastern Hemisphere. These primitive species of the
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Eastern Hemisphere Parafusulma fauna are more 
closely allied morphologically to the species of Para- 
fusulina in the Leonard Series, and particularly those 
in the Hess member, than they are to the more ad­
vanced species of Parafustdina in the overlying Word 
formation of the Guadalupe Series.
In Japan, China, Indochina, Indonesia, and the 
southern Urals of Russia, a number of closely similar 
primitive species of Parafusulina have been described. 
Many of these are similar to P. allisonensis n. sp., P. 
deltoides n. sp., P. brooksensis n. sp., and P. vidriensis 
n. sp. from the Hess member. Thus the subzone of 
Parafusulina kaerimizensis (Ozawa) of Toriyama 
(1958) in southwestern Honshu, Japan, the Chihsia 
limestone near Nanking, China, described by Chen 
(1934), various local formations in northern China 
reported by Lee (1927), and the gray limestone re­
ported by Deprat (1913) in Cammon, Indochina, are 
all approximately this same age. Verbeek and Fen- 
nema (1896) report what is probably a primitive 
Parafusulina, Fusulina granum avenae Roemer, from 
the high plateau of Padang, Sumatra, and Reichel 
(1940) described a number of primitive species of 
Parafusulina from the Artinskian of Karakorum. From 
the Ural region of Russia, Rauser-Chernoussova 
(1935) reports a number of primitive species of Para­
fusulina such as P. lutugini (Schellwien) and P. 
tschussovensis Rauser-Chernoussova from the lower 
part of the Artinskian Series. Also the aberrant 
Pseudoschwagerina tumida Licharew from the lower 
part of the Artinskian Series (Licharew, et al., 1939) 
is closely similar to P. stanislavi Dunbar from the 
lower part of the Bone Spring limestone, of Leonard 
age, in the Sierra Diablo of western Texas (Dunbar, 
1953).
In Asia, these faunas of primitive species of Para­
fusulina are associated with early representatives of 
Verbeekina, Neoschwagerina, and Pseudodoliolma. If 
these primitive species of Parafusulina form a reliable 
zone for correlation, the occurrence of these neo- 
schwagerinid faunas in this zone suggests that Ver- 
beekina, Neoschwagerina, and Pseudodoliolina have 
stratigraphic ranges reaching well down into strata 
equivalent to the Leonard Series. The occurrence of 
a species possibly belonging to Eoverbeekina in the 
lower part of the Leonard Series both in the Glass 
Mountains and in southern Mexico tends to support 
such a correlation.
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SYSTEMATIC PALEONTOLOGY 
Genus Schwagerina Moller, 1877, 
emend. Dunbar and Skinner, 1936 
Schwagerina crassitectoria Dunbar and Skinner 
Plate 17, figures 1-9
Schwagerina crassitectoria'DvmAn and Skinner, 1937, 
Texas Univ. Bull. 3701, p. 641, pi. 65, figs. 1-15.— 
Thompson, 1954, Kansas Contr. Paleontology, 
Protozoa, Art. 5, pi. 35, figs. 10-13. [not S. crassi­
tectoria Knight, 1956, Jour. Paleontology, v. 30, 
p. 779, pi. 83, figs. 13, 14.]
Schwagerina guembeli var. fseudoregularis Dunbar 
and Skinner, 1937, Texas Univ. Bull. 3701, p. 
640, pi. 61, figs. 14-20, 22-24 (not fig. 21).
Description.—This species commonly reaches a 
length of 9.0 mm. and a diameter of 3.5 mm. in 7 
volutions. The thin walls of the early whorls, high 
and regular septal folds having secondary deposits, 
and thick fusiform shape are distinctive of this species 
(PL 17, figs. 1,4, 5, and 8).
In specimens examined, the proloculi are small, aver­
aging 0.12 mm. outside diameter. The first 2 to 3 
volutions are low and long, the next 1 or 2 volutions 
increase in height but they show only slight increase 
in length. The succeeding volutions gradually extend 
along the axis of coiling to reach form ratios of 2.5 to 
2.7 in mature specimens. The poles are evenly rounded.
The keriothecal wall is thin in the proloculus, 0.007 
to 0.01 mm. thick, and in the first 2 whorls thickens 
to only 0.02 mm. The wall in succeeding whorls grad­
ually increases in thickness to 0.11 mm. in the last 
volution. Away from the mid plane the thickness of 
the wall decreases near the poles to about one-half its 
thickness at the mid plane.
The septa are fluted into high regular folds extend­
ing across the entire chamber. The folds are loosely 
spaced and have rounded crests in axial section (PL 
17, figs. 1, 4, 5 and 8).
The tunnel angle ranges between 15 degrees and 
40 degrees in early whorls and increases irregularly in 
succeeding volutions to reach 40 degrees to 50 degrees 
in the fifth or sixth volution. The path of the tunnel 
deviates as much as 10 degrees from the mid plane 
of the test. Chomata are rudimentary on the outside 
of the proloculus and are lacking in the volutions of 
the test. Secondary deposits commonly coat the septal 
folds along the axis of coiling but they do not com­
pletely fill the septal folds except in the first 2 or 3 
volutions. False walls occur in a few of the later 
volutions (PI. 17, figs. 1, 5) but are not common 
features in tests.
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IS from the lower part of the
range of Schzvagerina crassitectoria, this species and 
S. guembeli Dunbar and Skinner are closely similar 
and gradational forms between the two species are 
common (compare PI. 17, fig. 1 and PI. 18, fig. 5, 
from collection 2-3A). Near the top of its range, 5.
crassitectoria is smaller and thinner than S. guembeli. 
S. crassitectoria differs from S. elkoensis Thompson 
and Hansen in having axial deposits and fewer cham­
bers per volution and differs from S. diversiformis 
Dunbar and Skinner in size, septal folding, and shape. 
S. lineanoda Ross is more cylindrical and smaller than 
S. crassitectoria. S. guembeli var. pseudoregularis falls 
within the range of variation found in hypodigms of 
S. crassitectoria and is considered a synonym of S. 
crassitectoria.
Occurrence.-—Schtvagerina crasntectoria is found in 
the following localities (see text fig. 2): 1-7, 1-10, 
1-11, 1-13, 1-14; 2-3A, 2-3B, 2-3C, 2-SB; 3-(10)A; 
4-12D, 4-13, 4-14. In the eastern part of the Glass 
Mountains this species has a stratigraphic range of 
about 130 feet.
Schwagerina guembeli Dunbar and Skinner 
Plate 17, figures 10-13; plate 18, figures 1-6 
Schwagerina guembeli Dunbar and Skinner, 1937, 
Texas Univ. Bull. 3701, p. 639, pi. 61, figs. 1-13. 
[Not S. guembeli Knight, 1956, Jour. Paleontol­
ogy, V. 30, p. 778, pi. 83, figs. 7-10.]
Description.—This large thick fusiform species com­
monly attains a length of 10.0 mm. and a diameter of 
4.0 mm. in 8 volutions. The heavy secondary thick­
enings on either side of the narrow tunnel and the 
high chambers throughout the test are distinctive fea­
tures of the species.
The proloculi are large and spherical and, in speci­
mens examined, range between 0.24 and 0.32 mm. out­
side diameter. As shown in Plate 17, figures 11, 12, 
the initial volution is high and succeeding volutions 
continue to increase in height. The chambers in each 
succeeding whorl widen along the axis of coiling and 
commonly reach form ratios of 2.5 in the sixth or 
seventh volution. The shape of the test, consistent in 
specimens examined, flattens slightly across the mid 
plane and has long tapering shoulders which meet at 
the bluntly rounded poles.
The keriothecal wall increases in thickness from a 
minimum of 0.007 mm. in the proloculus to 0.10 to 
0.11 mm. in the sixth or seventh volution. The wall
EXPLANATION OF PLATE 18 
All figures X 10
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1-6. Schwagerina guembeli Dunbar and Skinner, lower part of the Hess member ..................................... 124
1. Axial section, collection 4-13A, YPM 21209. 2. Axial section, collection 2-5C, YPM
21211. 3. Sagittal section, collection 3-(10)A, YPM 21213. 4. Axial section, collection 3- 
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remains of constant thickness from the mid plane to 
the polar extremities. (PI. 17, fig. 12).
The septa are strongly and regularly folded through­
out the shell. As seen in axial sections the symmetrical 
folds are commonly slightly flattened at their crests. 
The basal margins of the folds may touch those of ad­
jacent septa but resorption does not occur and cuniculi 
are lacking.
In most specimens the straight tunnel is narrow, the 
tunnel angle gradually increasing from 15 or 20 degrees 
in the first whorl to 30 or 35 degrees in the fifth or 
sixth whorl. The septa are resorbed for about one- 
third the chamber height to form the tunnel. Chomata 
are lacking in the volutions and only rudimentary 
chomata are common on the outer surface of the pro­
loculus. Secondary deposits coat the septal folds and 
occur irregularly along the axis of coiling. Most of the 
secondary material is deposited on the septa adjacent 
to the tunnel. False walls may be present in cham­
bers which lack secondary deposits on the septal folds 
(PI. 18, figs. 1, 4).
Remarks.-—:S. guembeli is similar to S. crassitecioria 
Dunbar and Skinner, particularly in the lower part of 
their ranges. S. guembeli becomes progressively larger 
and thicker toward the top of its range where it can 
be distinguished easily from the higher forms of S. 
crassilectoria. S. guembeli is closely similar to S. 
gruperaensis Thompson and Miller from Chiapas, 
Mexico, but differs in being smaller per volution and 
smaller in mature size.
Occurrence.—Schivagerina guembeli is found in col­
lections 1-7, 1-10, 1-14, 1-21; 2-3A, 2-3B, 2-5C, 2-6A; 
3-(9)A, 3-(9)B, 3-(10)A, 3-(10)B; 4-12A, 4-13, 4- 
15A, and 4-16A (see text fig. 2). Sections 2 and 4 
have this species through 210 feet of strata which is 




Volution 81807 81808 81809 81810 81811
0 .15 .15 .13 .16 .12
1 .20 .26 .26 .24 .24
2 .35 .43 .41 .40 .42
Radius 3 .48 .61 .63 .58 .65
vector 4 .65 .80 .95 .88 .90
(mm.) 5 .90 1.08 1.30 1.23 1.15
6 1.18 1.37 1.65 1.56 1.45
7 1.45 1.68
8 2.05
1 .42 .30 .45 .40 .30
2 .78 .70 .85 .80 .65
Half 3 1.05 1.15 1.22 1.25 .95
length 4 1.45 1.55 1.55 1.65 1.40
(mm.) 5 2.05 2.32 2.45 2.40 1.95
6 2.80 3.20 3.50 3.35 2.55
7 3.60 4.10
8 5.20
1 2.1 1.2 1.7 1.7 1.2
2 2.2 1.6 2.1 2.0 1.5
3 2.2 1.9 1.9 2.2 1.5
Form 4 2.2 1.9 1.6 1.9 1.6
ratio 5 2.3 2.2 1.9 1.9 1.7
6 2.4 2.3 2.1 2.1 1.8
7 2.5 2.4
8 2.5
0 .01 .01 .007 .01 .01
1 .01 .02 .01 .01 .05
2 .02 .03 .02 .02 .06
Wall 3 .02 .03 .04 .03 .05
thickness 4 .04 .03 .08 .05 .07
(mm.) 5 .08 .07 .09 .07 .08
6 .10 .10 .11 .08 .09
7 .10 .09
8 .10
1 25 20 25 15 15
2 25 20 25 20 15
Tunnel 3 25 20 30 25 20
angle 4 25 25 30 25 20
(°) 5 25 30 30 25 25
6 30 40 35
7 40
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1-9. Parajusulina allisonensis n. sp., middle part of the Hess member ..................................................... 126
1. Axial section, collection 4-23B, YPM 21204. 2. Axial section of holotype, collection 1-84, 
YPM 21202. 3. Axial section, collection 2-9C, YPM 21201. 4. Tangential section showing 
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Genus Parafusulina Dunbar and Skinner, 1931 
Paiafusulina allisonensis n. sp.
Plate 19, figures 1-9
Description.—^This fusiform species commonly reaches 
8.0 mm. in length and 2.6 mm. in diameter in seven 
volutions. The regularly folded septa, medium axial 
deposits, and low cuniculi are distinctive in this species.
In specimens examined, the proloculi range between 
0.14 mm. and 0.28 mm. outside diameter and are 
spherical. The first one or two volutions are globose 
but the length gradually increases in successive whorls 
and the form ratio commonly reaches 3.0 by the sixth 
volution. The general shape of the shell is established 
by the second or third volution in which the shoulders 
are convex and the evenly rounded poles become in­
creasingly pointed as each additional volution is added.
The wall is composed of a tectum and coarsely 
alveolar keriotheca and increases in thickness from
O. 01 mm. in the proloculus to 0.10 mm. in the sixth 
or seventh volution. It is of constant thickness from 
the mid plane to the polar extremities where it thins 
abruptly. The septa are highly fluted in regular folds 
(PI. 19, fig. 2) which increase in height away from the 
mid plane. The folds are symmetrical and gently 
rounded at their crests. Folds of adjacent septa meet 
at their base and resorption results in low cuniculi 
in the outer one or two volutions near the tunnel 
(PI. 19, fig. 4).
The tunnel is of medium width, the tunnel angle 
commonly increasing from 20 degrees in early volu­
tions to 35 to 40 degrees in the fifth or sixth whorl. 
The tunnel is irregular and it deviates slightly from 
the mid plane. (PI. 19, figs. 5, 7). Rudimentary 
chomata ring the proloculus but are lacking in the 
volutions of the test. Secondary deposits commonly 
fill the axial portions of the tests and coat the septa 
in adjacent regions. In shells which have only minor 
axial deposits (PI. 19, fig. 2) false walls are common 
but are only minor features.
Remarks.—Parafusulina allisonensis n. sp. develops 
low cuniculi in its outer one or two whorls and is most 
similar to P. nancei Thompson and Miller from Ven­
ezuela. It differs from P. nancei in having greater 
axial deposits toward the poles and less extended polar 
extremities. P. skinneri Dunbar is larger, has more 
irregularly and higher septal folds, and has a different 
distribution of secondary deposits than P. allisonensis.
P. guatemalaensis Dunbar is larger and has irregular 
secondary deposits. P. retusa Knight and P. apiculata 
Knight have different shapes and ontogeny. P. bakeri 
Dunbar and Skinner is larger, lacks axial deposits, 
and has higher and more regularly folded septa.
The species takes its name from the type locality, 
the Allison Ranch.
Occurrence.—Parafusulina allisonensis is found in 
collections 1-84, 2-6B, 2-9A, 2-9C, 2-9D; 3-(ll), 
3-(12)A, 3-(12)X, 3-(13)A, 3-(14)A, 3-(14)B, 3-
TABLE OF MEASUREMENTS 
YPM SPECIMENS
Volution 81199 21800 21201 21202 21203 21204 21206
0 .12 .12 .14 .10 .10 .07 .11
1 .18 .20 .22 .22 .18 .13 .21
Radius 2 .31 .30 .38 .31 .28 .20 .30
vector 3 .48 .41 .56 .50 .40 .28 .50
(mm.) 4 .69 .61 .78 .72 .55 .43 .75
5 .90 .84 .95 .95 .80 .60
6 1.10? 1.10 1.20 1.25 1.05 .85
7 1.32 1.05
1 .50 .25 .38 .40 .32 .22 9
2 .87 .50 .75 .78 .65 .44 17
Half 3 1.24 .80 1.10 1.15 .95 .68 18
length 4 1.90 1.60 1.85 1.55 1.55 1.10 22
(mm.) 5 2.70 2.20 2.45 2.60 2.50 1.70 28?
6 3.90 2.80 3.55 3.50 3.20 2.75
7 4.00 3.50
1 2.8 1.2 1.7 1.8 1.8 1.7
2 2.8 1.7 2.0 2.3 2.3 2.2
Form 3 2.6 2.0 2.0 2.3 2.4 2.4
ratio 4 2.8 2.6 2.4 2.2 2.7 2.6
5 3.0 2.6 2.6 2.7 3.1 2.8
6 3.5 2.5 2.8 2.8 3.0 3.2
7 3.0 3.3
0 .02 .02 .01 .01 .01 .01
1 .01 .03 .01 .03 .02 .02
Wall 2 .03 .02 .04 .05 .03 .03
thick­ 3 .05 .05 .06 .08. .04 .04
ness 4 .08 .07 .07 .07 .04 .04
(mm.) 5 .07 .09 .04 .08 .09 .08
6 .10 .08 .09 .09 .10
7 .11 .09
1 25 25 25 20 20 20
2 25 25 25 25 25 20
Tunnel 3 25 30 25 25 25 25
Angle 4 25 30 30 30 30 25
(°) 5 35 40 40 35 30
6 40 30
(14) C; 4-lSC, 4-16B, 4-16C, 4-20A, 4-21A, 4-21B, and 
4-23B (see text fig. 2). P. allisonensis has a strati­
graphic range of over 350 feet in Section 4 and over 
390 feet in Section 3, suggesting a maximum range of 
about 400 feet in the eastern Glass Mountains. The 
holotype, YPM 21202, is from collection 1-84, 840 feet 
above the base of the Hess member, Leonard formation.
Parafusulina deltoides n. sp.
Plate 19, figures 12, 13; plate 20, figures 1-5 
Description.—This large, elongate species commonly 
reaches 11 mm. in length and 3.2 mm. in diameter. 
The extended polar regions and the conical shaped 
secondary deposits in the early whorls are distinctive.
In specimens measured, the proloculus ranges be­
tween 0.14 and 0.30 mm. outside diameter. The initial 
whorls are low and long in specimens having large pro­
loculi but are notably higher in specimens having 
smaller proloculi (PI. 20, figs. 3, 4). After reaching a 
diameter of 1.5 mm., the tests having small proloculi 
extend their polar regions and have similar form ratios
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in mature specimens as specimens having larger pro­
loculi. The poles are rounded to slightly pointed.
The wall is composed of a tectum and a coarsely 
alveolar keriotheca. The thickness of the wall Increases 
gradually from 0.01 mm. in the proloculus to 0.10 mm. 
in the sixth volution. The wall is thickest near the 
mid plane of the test and tapers gradually toward 
the poles.
The septa are fluted into high, closely spaced folds 
across the entire chamber. The folds have steep sides 
and the crests are commonly flattened giving a rec­
tangular outline to folds in axial sections. Opposing 
folds of adjacent septa join at their basal margins 
where they are resorbed to form cuniculi in the third 
or fourth volution (PI. 20, fig. 2).
TABLE OF MEASUREMENTS 
YPM SPECIMENS
Volution 21280
SO 81219 21221 21222 81217
0 .15 .06 .12 .07 .13 .07
1 .30 .22 .18 .20 .23 .15
Radius 2 .48 .41 .28 .28 .40 .25
vector 3 .87 .65 .44 .38 .65 .40
(mm.) 4 1.05 .91 .65 .56 .88 .58
S 1.20 .90 .83 1.20 .80
6 1.50 1.25 1.00 .... 1.10
7 1.60 .... 1.40
1 .60 .55 .25 .25 .40 10 2
2 1.10 1.20 .55 .50 .85 20 g-
Half 3 2.70 1.90 .90 .82 1.50 25 Z
length 4 4.10 2.60 1.45 1.10 2.40 25 Z
(mm.) S 3.40 2.25 1.80 3.30.? 29 Z
6 5.40 3.05 3.15 25 a
7 4.40 29 g
1 2.0 2.5 1.4 1.2 1.7
2 2.3 2.9 2.0 1.8 2.1
Form 3 3.1 2.9 2.0 2.2 2.3
ratio 4 3.9 2.9 2.2 2.0 2.7
S 2.8 2.5 2.2 2.8
6 3.6 2.4 3.2
7 2.7
0 .01 .01 .01 .01 .01
1 .03 .02 .02 .01 .02
Wa|l 2 .04 .03 .03 .03 .03
thickness 3 .08 .04 .04 .04 .04
(mm.) 4 .09 .08 .06 .04 .08
5 .08 .07 .07 .11
6 .10 .09 .08
7 .09
1 30 20 20 20 20
Tunnel 2 30 20 20 20 23
angle 3 35 10 20 20 32
(°) 4 25 30 25 45
5 35 35 40
6 40
The tunnel is wide and slightly irregular, deviating 
S to 10 degrees out of the mid plane of the test (PI. 
20, figs. 1, 4). The tunnel angle increases from 20 
degrees in the first two or three whorls to 40 degrees 
or more in later whorls. Rudimentary chomata girth
the proloculus but are lacking in the whorls. Second­
ary deposits commonly fill the chambers in the early 
volutions, particularly in the axial region. The septal 
folds are coated by secondary deposits throughout the 
remainder of the test except in the polar extremities 
of the outer two volutions. False walls are common 
and may occur in chambers having thickened septa.
Remarks.—Parajujulina deltoides n. sp. is similar 
to P. australis Thompson and Miller in shape and dis­
tribution of axial deposits but differs in having a 
larger size and more regularly folded septa. P. allison- 
ensis n. sp. has a different pattern of septal folds; is 
smaller per volution, and has secondary deposits along 
the length of the axis. P. deltoides differs from P. 
primigenia n. sp. in lacking tightly coiled early whorls 
and in having a different shape. P. deltoides is closely 
similar to P. skinneri Dunbar from Sonora, Mexico, 
but differs from that species in having more rounded 
lateral slopes and more pointed poles. P. guatamala- 
ensis Dunbar is more elongate than P. deltoides.
The species takes its name from the Latin, deltoides, 
meaning delta shaped, and refers to the outline of the 
axial deposits as seen in thin section.
Occurrence.—Parajusulina deltoides is known from 
collections 2-9D, 2-lOA, and 4-26M (see text fig. 2) 
and seems to be restricted to about 70 feet of strata 
in Section 2, but occurs about 200 feet higher in, one 
collection in Section 4, indicating a total stratigraphic 
range of nearly 300 feet. The holotype, YPM 21218, 
is from collection 2-lOA, 640 feet above the base of 
the Hess member, Leonard formation.
Parafusulina spissisepta n. sp.
Plate 18, figures 7-13
Description.—This species commonly attains a 
length of 10.00 mm. and a diameter of 3.2 mm. in 8 or 
9 volutions. The tightly coiled initial whorls, high flat­
tened septal folds, and thick, coarsely alveolar wall are 
distinctive features.
In specimens examined, the proloculi are spherical 
and range in size between 0.12 and 0.30 mm. outside 
diameter. The first two or three volutions are low and 
commonly have form ratios of about 2.2. Successive 
volutions increase in height and become progressively 
longer. The shell attains form ratios of 3.0 by the 
fifth or sixth volution. The gently convex flanks of 
the test meet to form bluntly pointed poles. The gen­
eral shape of the test is established in the first or 
second volutions (PI. 18, fig. 7).
The wall is composed of a thin tectum and a coarsely 
alveolar keriotheca. The wall of the proloculus is 
thick, commonly 0.02 mm., and in successive volutions 
it commonly increases rapidly to 0.08 mm. by the third 
or fourth volution. Toward the poles the wall thins to 
about one-half its maximum thickness.
The septa are regularly fluted into high even folds 
extending across the entire chamber. In axial sections
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the crests of the folds are flattened and the sides are 
steep, giving the folds a rectangular outline. In the 
early chambers the folds are closely spaced but they 
become more widely spaced in later volutions. Septal 
folds touch folds of adjacent septa in the outer two or 
three volutions but they overlap only in the polar 
extremities.
The tunnel is straight and narrow, the tunnel angle 
of most specimens increasing from 10 to 20 degrees in 
early whorls to 30 to 35 degrees in the fifth or sixth 
volution. Secondary deposits are common as thick 
coatings on septa (PI. 18, fig. 7) but they do not com­
pletely fill the folds. Low cuniculi are common in the 
outer 2 or 3 whorls (PI. 18, figs. 7, 11). False walls 
are rare or lacking.
Remarks.—Parajusulina spissisepta n. sp. develops 
low, primitive cuniculi in its outer two or three whorls 
and is not particularly similar to any other described 
primitive Parafusulina. P. sonoranensis Dunbar and 
P. imlayi Dunbar lack the compact early whorls, the 
thick secondary deposits on septal folds, and the dis­
tinctive shape of P. spissisepta. P. splendens Dunbar 
and Skinner has a different shape, ontogeny, and dis­
tribution of axial deposits. P. bakeri Dunbar and 
Skinner has less tightly coiled early whorls and a 
different shape and septal folding.
P. nancei Thompson and Miller has a more elongate 
shape and different distribution of axial deposits than 
P. spissisepta. P. spissisepta has the general shape of 
Schwagerina aculeata Thompson and Hazzard but 
differs in having cuniculi and more regularly folded 
septa than S. aculeata.
The species takes its name from the Latin, spissi­
septa, meaning having numerous septa, and refers to 
the closely spaced septa in this species.
Occxtrrence.—Parajusulina spissisepta is known from 
collections 2-13A, 2-15A, 2-lSB; 3-(16)B, 3-(17)A, 
3-(17)B, 3-(18)A, 3-(18)B; 4-28A, 4-28B, 4-27M, 4- 
28MA, 4-28MB, and 4-28MC (see text fig. 2). This 
species is characteristic of a zone about 250 feet thick 
in and above the Hess fossil bed in the eastern Glass
Mountains. The holotype, YPM 21192, is from collec­
tion 3-(17)A, 1090 feet above the base of the Hess 
member, Leonard formation.
TABLE OF MEASUREMENTS 
YPM SPECIMENS
Volution 21192 21193 21194 21196 21196 21197
0 .08 .14 .07 .15 .06 .08
1 .13 .23 .12 .30 .18 .15
2 .20 .38 .21 .45 .30 .20
Radius 3 .28 .55 .40 .58 .50 .48
vector 4 .42 .78 .65 .72 .75 .70
(mm.) 5 .65 1.10 .90 .98 1.00 .95
6 .91 1.40? 1.25? 1.30 .... 1.20+
7 1.25
8 1.60
1 .28 .50 .28 .50 .28 10
2 .49 1.05 .70 50 .55 15
Half 3 .75 1.55 1.10 1.45 1.00 18
length 4 1.15 2.30 2.00 2.05 1.65 25
(mm.) 5 2.00 3.20 2.75 3.25 2.25 24
6 2.75 3.80 4.40 29
7 3.85
8 5.00
1 2.2 2.2 2.3 1.7 1.6
2 2.4 2.8 3.3 2.0 1.8
3 2.7 2.8 2.7 2.5 2.0
Form 4 2.7 3.0 3.1 2.8 2.2
ratio 5 3.1 2.9 3.1 3.2 2.3
6 3.1 3.0 3.4
7 3.1
8 3.1
0 .01 .02 .02 .03 .01
1 .02 .03 .02 .04 .02
2 .03 .04 .03 .05 .03
Wall 3 .03 .08 .04 .08 .05
tickness 4 .04 .09 .06 .10 .08
(mm.) 5 .06 .09 .06 .10 .09
6 .08 .08 .11
7 .12
8 .09
1 25 20 10’ 30 15
Tunnel 2 25 20 15 30 15
angle 3 25 20 10 30 20
(') 4 25 25 15 35 IS
5 30 35
6 35
EXPLANATION OF PLATE 20 
All figures X 10
F iGS. Page
1-5. Parajusulina deltoides n. sp., middle part of the Hess member ............................................................ 126
1. Axial section of specimen having a large proloculus, collection 2-lOA, YPM 21219. 2. 
Tangential section showing cuniculi, collection 2-lOA, YPM 21232. 3, Axial section, collec­
tion 2-lOA, YPM 21220. 4. Axial section, collection 2-lOA, YPM 21221. 5. Axial section, 
collection 2-lOA, YPM 21222.
6. Parajusulina sp. A, middle part of the Hess member ................................................................................ 131
6. Axial section, collection 2-llA, YPM 21223.
7-14. Parajusulina brooksensis n. sp., upper part of the Hess member ...................................................... 129
7. Axial section, collection 2-16B, YPM 21224. 8. Sagittal section, collection 2-16B, YPM
21225. 9. Sagittal section, collection 2-16B, YPM 21226. 10. Tangential section showing
low cuniculi, collection 3-(19)A, YPM 21231. 11. Axial section, collection 2-16B, YPM 21227.
12. Axial section, collection 3-(19)A, YPM 21228. 13. Axial section, collection 2-16B, YPM 
21229. 14. Axial section, collection 2-16B, YPM 21230.
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Parafusulina brooksensis n. sp 
Plate 20, figures 7-14; plate 21, figures 1-4, 6
most mature tests and coat the septal folds and fill 
the axis. False walls are lacking.
Description.—This small elongate species commonly 
reaches 8 mm. in length and 2.2 mm. in diameter in 
five or six volutions. The bluntly pointed poles, taper­
ing lateral slopes and the axial and septal deposits are 
distinctive.
In specimens examined, the proloculi range between 
0.18 and 0.36 mm. outside diameter and are generally 
spherical. The initial volution is low and long, gen­
erally having a form ratio between 2.2 and 2.6. Suc­
ceeding volutions increase proportionately more in 
length than height and mature tests of five or more 
volutions have form ratios of 3.S (PI. 21, figs. 3, 6). 
The height of the chambers increases between the 
second and third volution giving the test a “zoned” 
appearance.
The wall is composed of a tectum and a thin but 
coarsely alveolar keriotheca. The wall thickens grad­
ually from 0.01 mm. in the proloculus to 0.07 mm. in 
the fifth or sixth whorl.
The septa are strongly fluted into high, regular folds 
across the entire chamber. The folds have steep sides 
and nearly flat crests and appear rectangular in axial 
sections (PI. 21, figs. 3, 4, 6). Septal folds commonly 
touch folds of adjacent septa near their basal margin 
but do not overlap except in the polar extremities.
The tunnel is narrow and its path deviates S to 10 
degrees out of the mid plane in the early whorls (PI. 
21, figs. 3, 6). The tunnel angle ranges between 20 
and 35 degrees and shows only a general trend toward 
increasing in later volutions. The proloculus com­
monly has rudimentary chomata, but chomata are 
lacking in the coiled portion of the test. Cuniculi, 
found in the outer one or two whorls, are low (PI. 20, 
fig. 10). Secondary deposits are common features in
TABLE OF MEASUREMENTS 
YPM SPECIMENS
Volution 212S6 21224 21228 21237 21236 21220
0 .12 .10 .18 .09 .12 .10
1 .22 .18 .25 .18 .25 .20
Radius 2 .35 .25 .40 .29 .33 .35
vector 3 .51 .38 .60 .46 .55 .55
(mm.) 4 .80 .55 .75 .65 ;85 .80
5 1.10 .75 .90 1.15 1.10
6 1.00 1.20
7 1.40
1 .52 .25 .65 .40 .55 10
2 1.00 .50 1.20 .85 .90 20
Half 3 1.65 .85 1.90 1.50 1.50 18
length 4 2.35 1.30 2.60 2.30 2.60 17
(mm.) 5 3.20 2.15 3.10 4.00 24
6 3.35 4.00
7 5.00?
1 2.4 1.4 2.6 2.2 2.2
2 2.8 2.0 3.0 2.9 2.7
Form 3 3.2 2.2 3.2 3.3 2.7
ratio 4 2.9 2.4 3.5 3.5 3.1
5 2.9 2.9 3.5 3.5
6 3.4 3.3
7 3.6?
0 .01 .01 .02 .01 .02
1 .02 .01 .03 .01 .02
Wall 2 .03 .02 .04 .02 .03
thickness 3 .04 .03 .05 .04 .04
(mm.) 4 .06 .04 ? .04 .05
5 .07 .05 .07 .07
6 ? .08
7
1 25 20 30 30 20
Tunnel 2 25 25 40 20 25
angle 3 20 30 30 20 35







EXPLANATION OF PLATE 21 
All figures X 10 (except figure 9)
Parafusulina brooksensis n. sp., upper part of the Hess member
co>'e«ion 3-(19)A, YPM 21233. 2. Axial section, collection
3-(19) A, YPM 21234. 3. Axial section, collection 2-16B, YPM 21235 4 Axial sec­




Parafusulina vidriensis n. sp., upper part of the Hess member 
5. Tangential section, collection 2-16B, YPM 21238. 7, Axial section, collection
2-16B, YPM 21239. 10. Axial section, collection 2-16A, YPM 21240 11 Axial sec- 
tion of holotype, collection 2-16A, YPM 21241. 13. Sagittal section,' collection
2-16A, YPM 21242.
Eoverbeekinal afli. E. americana Thompson and Miller, Double ledge of the lower part 
of the Hess member ...............................................................................
8. Axial section, collection 1-55, YPM 21245. 9. Enlarged view of basal foramina 
of figure 12, collection 1-55, YPM 21244, X 100. 12. Axial section, collection 1-55
VDA/f ^^')AA ’ ’
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Remarks.—Few species of primitive Parafusulina 
have been described and it is difficult to compare P. 
brooksensis n. sp. with other species. P. gracilis 
(Meek) and P. linearis (Dunbar and Skinner) are 
both much more elongate and differ considerably in 
ontogeny from P. brooksensis and probably belong to 
different phylogenetic lineages. P. australis Thomp­
son and Miller is thicker and has a different pattern 
of septal folds. P. vidriensis n. sp. is thicker, less 
tightly coiled, and has a different ontogeny and distri­
bution of secondary deposits from P. brooksensis. P. 
deltoides has a different shape and ontogeny. P. 
brooksensis is closely similar to P. guatemalaensis 
Dunbar from Central America but differs from that 
species in having more pointed poles and a less elon­
gate shape. It differs from P. skirmeri Dunbar from 
Sonora, Mexico, which is larger and has less regularly 
folded septa.
Occurrence.—Parafusulina brooksensis is found in 
collections 2-16A, 2-16B, and 3-(19) (see text fig. 2). 
This species and P. vidriensis n. sp. form the highest 
fusulinid zone in the Hess member of the eastern 
Glass Mountains and have a stratigraphic range of at 
least 200 feet. The holotype, YPM 21237, is from col­
lection 2-16B, 1450 feet above the base of the Hess 
member, Leonard formation.
Parafusulina vidriensis n. sp.
Plate 21, figures 5, 7, 10, 11, 13
Description.—This species reaches 9 mm. in length 
and 3 mm. in diameter in six volutions. The septal 
folds commonly overlap folds of adjacent septa across 
the mid region of the test, the volutions are loosely 
coiled, and secondary deposits are common in the 
early whorls.
In specimens examined, the proloculi range between 
0.2 and 0.3 mm. outside diameter and are subspherical. 
Tbe early volutions are long and form ratios of 3.0 
are common in many specimens. Succeeding volutions 
are loosely coiled and form ratios change only slightly 
(YPM specimens 21240 and 21241). The poles are 
broadly rounded and the test thickly fusiform 
throughout.
The wall is composed of a tectum and a thin, 
coarsely alveolar keriotheca. The thickness of the wall 
increases from less than 0.01 mm. in the proloculus to 
0.08 mm. in the fourth and later volutions. Between 
the third and fourth volutions the wall commonly 
doubles its thickness.
The septa are closely fluted into high folds which 
have broadly rounded crests in axial sections. Folds 
of adjacent septa commonly overlap one another 
across the length of the test (PI. 21, fig. 10). The 
septa are thin and closely spaced in the first three 
volutions but become considerably thicker and more 
widely spaced in later volutions, changing with the
increase in wall thickness. Cuniculi are common in 
the outer two volutions and occur down the lateral 
slopes of the test (PI. 21, fig. 5).
The tunnel is of medium width and follows a 
straight path in the mid plane of the test. The tunnel 
angle increases from 25 degrees in the first volution to 
35 degrees in the fifth volution in the holotype, YPM 
specimen 21241. Rudimentary chomata ring the pro­
loculus but are lacking in the coiled part of the test. 
Secondary deposits line the septal folds particularly 
along the lateral slopes near the tunnel and commonly 
fill the folds in the axial portions of the first two or 
three volutions (PI. 21, figs. 10, 11). False walls are 
lacking.
TABLE OF MEASUREMENTS 
YPM SPECIMENS
Volution 21239 21240 21241 21242
0 .12 .10 .15 .11
1 .20 .20 .20 .25
Radius 2 .31 .35 .30 .43
vector 3 .47 .55 .50 .62
(mm.) 4 .65 .80 .75 .90
5 .90 1.15 1.00 1.25
6 1.15 1.40 1.40 1.60
1 .25 .65 .60 8 a
Half 2 .70 1.10 1.00 25 u09
length 3 1.10 1.90 1.50 35 O
(mm.) 4 1.75 2.60 2.00 33 u,V
5 2.60 3.90 2.80 33 g
6 3.35 4.50 3.80 35 SC
1 1.2 3.3 3.0
2 2.3 3.1 3.3
Form 3 2.3 3.4 3.0
ratio 4 2.7 3.3 2.7
5 2.9 3.4 2.8
6 2.9 3.2 2.7
0 .01 .02 .01
1 .02 .01 .02
Wall 2 .03 .02 .02
thickness 3 .04 .03 .04
(mm.) 4 .05 .07 .05
5 .08 .08 .07
6 .08 .06 .09
1 35 30 25
Tunnel 2 30 25 25
angle 3 30 25 25
(°) 4 35 30 20
5 40 35
6 ..........................
Remarks.—Parafusulina vidriensis n. sp. differs from 
P. deltoides n. sp. in shape and ontogeny and from P. 
brooksensis n. sp. in size, ontogeny, and distribution 
of axial deposits. P. spissisepta n. sp. has more tightly 
coiled early whorls and P. allisonensis n. sp. is more 
elongate than P. vidriensis. P. australis Thompson 
and Miller is smaller per volution and has a different 
growth pattern in mature whorls. P. apiculata Knight 
and P. shaksgamensis var. crassimarginata Knight are
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similar but differ in shape particularly in the mature 
whorls. P. vidriensis is less elongate than P. skinneri 
Dunbar from Sonora, Mexico, and P. guatemalaensis 
Dunbar from Guatemala.
This species takes its name from the Sierra Vidrio, 
the Spanish name for the Glass Mountains.
Occurrence.—Parajusulina vidriensis is known from 
collections 2-16A, 2-16B, and 4-29M (see text fig. 2). 
This species and P. brooksensis n. sp. form the highest 
fusulinid zone in the Hess member in the eastern Glass 
Mountains. The holotype, YPM 21241, is from collec­
tion 2-16A, 1350 feet above the base of the Hess mem­
ber, Leonard formation.
Parafusulina sp. A
Plate 19, figures 10, 11; plate 20, figure 6
Description.—This large fusiform species commonly 
attains a length of 9.5 mm. and a diameter of 3.0 mm. 
in six volutions. The high and closely spaced septal 
folds, the open coiled pattern, and lack of secondary 
deposits are distinctive.
This species is known from one small collection 
(2-11 A) and the large individuals are partially dolom- 
itized. In specimens examined, the proloculus is 0.15 
to 0.30 mm. outside diameter. The early whorls are 
low and long and form ratios of 2.5 are common. 
Chamber height increases markedly after the second 
or third volution and also the length of the test in­
creases giving mature tests of six volutions form ratios 
of 3.0. Tests are fusiform and the general outline is 
attained within the first 2 or 3 volutions (PI. 19, figs. 
10, 11).
The wall is composed of a tectum and a keriotheca. 
It is 0.(X)7 mm. thick in the proloculus and gradually 
increases to 0.08 mm. in the fifth or sixth volution.
The septa are strongly fluted into high regular folds 
which extend across the entire chamber. Opposing 
folds of adjacent septa are resorbed where they meet 
near the base of the chambers to form cuniculi in the 
fourth and later volutions.
The tunnel is narrow and irregular, deviating 5 to 
10 degrees away from the mid plane of the test. Rudi­
mentary chomata ring the proloculus but are lacking 
in the coiled portion of the test. Secondary deposits 
are lacking.
Remarks.—Parafusulina sp. A is similar to P. allis- 
onensis n. sp. in general shape but is larger, has more 
open coiling and lacks secondary deposits. P. spissi- 
septa n. sp. has more closely coiled early volutions 
and P. delloides n. sp. has a different shape and dis­
tinctive secondary deposits in contrast to Parafusulina 
sp. A. P. sapperi (Staff) from Central America has 
greater development of cuniculi and axial deposits 
than Parafusulina sp. A.
Although known from only one collection and a few 
thin sections, this species is distinct from other species
of Parafusulina found in the Hess member. As the 
species comes from a horizon from which few other 
fusulinid species are known, it may be an important 
guide species to the upper part of the middle Hess 
succession.
TABLE OF MEASUREMENTS 
YPM SPECIMENS
Volution Z1215 21216 21223
0 .08 .14 • .12
1 .18 .22 .22
Radius 2 .26 .38 .38
vector 3 .44 .55 .52
(mm.) 4 .61 .75 .70
5 .86 1.00 -1.05
6 1.50
1 .30 .40 .50
Half 2 .75 .85 .95
length 3 1.10 1.40 1.50
(mm.) 4 1.70 2.30 2.25
5 2.55 3.40 3.35
6 4.20
1 1.7 1.8 2.3
2 2.9 2.2 2.5
Form 3 2.5 2.5 2.9
ratio 4 2.8 3.1 3.2
5 3.0 3.4 3.2
6 2.8
0 .007 .007
1 .007 .01 .03
Wall 2 .02 .05 .05
thickness 3 .02 .07 .07
(mm.) 4 .03 .08 .09
5 .04 .09 .10
6 .10
1 30 25 35
Tunnel 2 ■30 25 40
angle 3 35 . 30 40
(°) 4 40 ' 40 45
5 - .... 50
Occurrence.—Parafusulina sp. A is known from 
only one collection, 2-llA (see text fig. 2), 60 feet 
beneath the base of the upper Hess fossil bed on the 
Brooks Ranch. The lithologic change from a dense 
dolomitic limestone in hed 10 to shale and thin 
hedded limestones in bed 11 suggests that the distri­
bution of Parafusulina sp. A may be closely controlled 
by facies.
Genus Eoverbeekina Lee, 1933 
Eoverbeekina? aff. E. americana Thompson 
and Miller
Plate 21, figures 8, 9, 12
iEoverbeekina americana Thompson and Miller, 
1944, Jour. Paleontology, v. 18, p. 492, pi. 80, 
figs. 3-6, pi. 83, figs. 3-7.
Description.-—This small, suhspherical species at­
tains a length of 1.1 mm. and a diameter of 2.8 mm.
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in seven to eight volutions. The poles are slightly 
indented.
The proloculus is large for species of this genus, 
about 0.06 mm. outside diameter. The early whorls 
are high and have broadly rounded peripheries and 
this shape is characteristic throughout the rest of the 
test. The form ratios decrease slightly in later volu­
tions as the poles become more indented.
The preservation of the tests in specimens examined 
is poor and the wall structure is recrystallized to clear 
calcite. However, there are suggestions of a two layer 
wall with the addition of an outer tectorium in the 
inner whorls of several specimens.
In the first four volutions the tunnel is lined by 
low, asymmetrical chomata. In these early volutions 
the tunnel -is wide and well defined. The later volu­
tions clearly show the development of multiple fora­
mina at the base of the septa (PI. 21, fig. 9). Para- 
chomata are possibly present but the features ob­
served may be the result of thickening at the base of 
the septa which may not connect adjacent septa to 
form true parachomata. Thus these specimens are 




Volution 21244 21245 21246
0 .03 .02 .03
1 .08 .08 .18
2 .18 .16 .29
Radius 3 .29 .24 .43
vector 4 .41 ? .65
(mm.) 5 .58 ’? .90
6 .75 ? 1.10




Half 3 .25 .20
length 4 .35 .25







Form 4 .8 ?




Remarks. —These specimens from the Hess member
are similar in size and general development of the
test to Eoverbeekina americana Thompson and Miller
from the Paseo Hondo formation in southern Mexico. 
The specimens from the Hess member differ from 
those described by Thompson and Miller in having
slightly greater inflation of their chambers and more 
indented poles. In these specimens as in other species 
placed in Eoverbeekina, including the type species E. 
intermedia Lee, the parachomata are poorly developed 
or may be lacking.
Occurrence.—Eoverbeekina} aff. E. americana 
Thompson and Miller is known in collections from 
the double ledge and equivalent beds; 1-SS, 2-7, 3-11, 
4-15.?, and 4-18.
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